A B S T R A C T Normal human peripheral blood T lymphocytes activated by concanavalin A (Con A) were fractionated into OKT4' and OKT8' populations by complement-dependent cell lysis using OKT8 and OKT4 antibodies, respectively. By using the preferential ability of some, but not all, Con A-activated T cells to form rosettes with autologous erythrocytes, each population was further divided into autorosetting cells and nonautorosetting cells, and thus Con A-activated OKT4' autorosetting, OKT4' nonautorosetting, OKT8' autorosetting, and OKT8' nonautorosetting cells were obtained. The immune regulatory function of these populations was then investigated using a pokeweed mitogen-driven B cell plaque-forming cell system. These studies demonstrated that (a) autorosetting cells can exert potent suppressor activity regardless of their phenotypes of OKT4+ and OKT8+ antigens, and fail to help B cell differentiation; suppressor function mediated by these cells is radiosensitive; moreover, receptors for autologous erythrocytes may constitute either the interleukin 2 (IL2) receptors themselves or a component of an IL2 receptor-effector complex involved in modulating the growth signal that IL2 transmits to T cells; (b) OKT4+ nonrosetting cells serve adequately as radioresistant helper cells, but are devoid of suppressor cells; and (c) OKT8+ nonrosetting cells are found to lack either suppressor or helper activity, suggesting that they may belong to a T lymphocyte subset distinct from the subsets related to immune regulation. The results lead us, therefore, to the conclusion that there may exist functional heterogeneities among both the OKT4+ and OKT8+ populations; these het-
INTRODUCTION
Human peripheral T lymphocytes can be subclassified on the basis of differential reactivity to monoclonal antibodies, OKT4 (inducer/helper) and OKT8 (cytotoxic/suppressor). Functional studies indicate that OKT4+ T cells can induce B cell differentiation in a pokeweed mitogen (PWM)l-or antigen-driven system, but do not provide suppressor activity, whereas the reverse is true of OKT8+ T cells (1) (2) (3) .
In our previous studies (4), we found that concanavalin A (Con A)-induced suppressor cells can be identified and separated from Con A-induced helper cells by the autologous erythrocyte rosette technique; suppressor and helper cells are confined to the autorosetting and nonrosetting T cell populations, respectively. Moreover, OKT4+ and OKT8+ cell types were equally distributed among either autorosetting or nonrosetting T cells activated by Con A (4) . These experiments raised the possibility that suppressor cell populations among the autorosetting cells are limited to OKT8+ cells, or alternatively, that the autorosetting OKT4+ cells would also act as mediators of suppression induced by Con A. It also remained uncertain whether among the nonrosetting cell population, only the cells bearing OKT4+ antigen can function as helper cells, or the OKT8+ cells may also mediate helper function.
In the present study, Con A-activated T cells were divided into OKT4+ autorosetting, OKT4+ nonrosetting, OKT8' autorosetting and OKT8' nonrosetting cell populations by means of monoclonal antibodies and autorosette technique, and the regulatory effects of each separate population were investigated on the B cell immunoglobulin production in the system driven by PWM. We observed that Con A-induced suppressor cells can belong to the autorosetting populations, regardless of the phenotype of either OKT4' or OKT8' antigens. In contrast to the function of autorosetting cells, activated nonrosetting OKT4' cells are specific for the function of help. Of interest is that nonrosetting OKT8' cells are related to neither helper function nor suppressor function. Furthermore, relationship between Con-A activated T cell subpopulations and population bearing Tac antigen will be discussed.
METHODS
Isolation of T cells, non-T cells, and monocytes. Peripheral blood mononuclear cells of normal individuals were isolated, and T and non-T cells separated by the sheep erythrocyte (SRBC) rosette technique as described previously (5, 6) . Double-purified rosetting T cells were recovered after lysis of SRBC by hypotonic shock. These T cell preparations consisted of >95% T cells as determined by rerosetting. Double-purified nonrosetting cells were incubated in a 60 X 55-mm petri dish (Falcon Labware, Div. Becton, Dickinson & Co., Oxnard, CA) at 370C in a 5% C02/95% air humidified environment for 2 h, and the cells that did not adhere to the dish and those that adhered firmly were collected separately. The latter cells are referred to as monocytes. Monocyte preparations consisted of 95% cells that were identified as monocyte after Giemsa staining (5, 6) . The nonrosetting cells that did not adhere were further treated with OKT3 monoclonal antibody (Ortho Pharmaceutical Corp., Raritan, NJ) and rabbit complement (C; Behringwerke AG, Marburg, FRG). This C-dependent lysis was performed twice. The resultant population was <0.2% SRBC rosette positive and <0.5% cells reactive with OKT3 antibody. This population is designated non-T cells. The reappearance of the OKT3-defined antigen in cells of the non-T cell population (7) did not occur (<1%) when the cells were incubated for 24 x -(PFC activity of non-T cells + fresh OKT4+ cells)/ Cell counts and viability (by dye exclusion) were also performed on all the second cultures at the time of assay. The yields of viable cells at the end of the culture period were similar in all the second assay cultures.
Reverse hemolytic plaque assay for the enumeration of antibody-secreting cells. The assay for the measurement of immunoglobulin M-producing hemolytic PFC was performed by using a modification of the procedure described by Gronowicz et al. (11) . Briefly, on the day of assay, PWM-stimulated cells were thoroughly washed in HBSS and resuspended. . This mixture was poured onto a 60 X 15-mm petri dish and allowed to gel. The dishes were incubated for 8 h at 370C in a humidified atmosphere containing 5% C02/95% air. They were then covered with a 1:20 dilution of absorbed guinea pig C (Toshiba Chemical Co., Tokyo) and incubated for additional 2-3 h at 370C.
Hemolytic plaques were enumerated in triplicate and the results were expressed as the mean PFC/106 non-T cells in the original culture (12) . The standard error of the mean was always <20%.
RESULTS
Autorosette levels of Con A-activated T cell subpopulations. After Con A stimulation, normal T cells were fractionated into OKT4' and OKT8' cells, and then each cell population was further rosetted with autologous erythrocytes. Both the OKT4' and OKT8' cell populations formed rosettes with autologous erythrocytes to roughly the same extent (mean percentages of autorosettes with SEM in the activated OKT4+ and OKT8+ cell populations were 39 Fig. 1 A, and clearly show that the addition of small numbers of activated autorosetting cells suppressed B cell immunoglobulin production, regardless of their phenotype of OKT4+ or OKT8+ antigen. In marked contrast, both OKT4+ and OKT8+ nonrosetting cells had only minimal inhibitory activity. Thus, these data suggest that suppressor cells within the Con A-activated cells are restricted to a distinct subset of either OKT4+ or OKT8+ cells; this subset is capable of forming rosettes with autologous erythrocytes after Con A activation.
To determine whether the above experiment was unique to lymphocytes for this single normal individual, lymphocytes from additional 11 normal individuals were studied and the results summarized in Fig. 2 . In this experiment, 1 X 105 cells of Con A-activated or unactivated T cell subsets were introduced into the second autologous cultures. Consistent with Fig. 1 , activated autorosetting cells, either OKT4+ or OKT8+, led to potent suppression of PFC activity. In contrast, activated nonrosetting OKT4+ as well as OKT8+ cells gave no demonstrable suppression. The suppressor T cell activity mediated by Con A-activated autorosetting cells seemed to be Con A dependent. As can be seen in Fig. 2 , when fresh OKT4+ cells or unactivated control OKT4+ cells cultured in medium alone were added to the second cultures, the suppression of immunoglobulin production failed to occur. The addition of fresh or unactivated OKT8+ cells to the second cultures resulted in significant suppression of the PFC response; these OKT8+ cell populations were, however, far less efficient in suppressing B cell differentiation than activated autorosetting OKT8+ cells. (Fig. 3 A) . Moreover, any PFC activity of second assay cultures was not induced by activated OKT4+ autorosetting cells, regardless of the time of harvest (Fig. 3 B) .~~-a- Radiosensitivity of the regulatory functions mediated by Con A-activated T cell subpopulations. We asked whether the regulatory activities induced by Con A-activated T cell subpopulations are radiosensitive. To this end, the activated T cell subpopulations were first irradiated (1,300 rad) before addition to the second cultures. 1 X 105 cells of nonirradiated or irradiated activated T cell subpopulations were then added to a constant number of fresh autologous OKT4+ cells and non-T cells (for assay on suppressor activity) or fresh autologous non-T cells (for assay on helper activity) in the presence of PWM (Fig. 5) . The addition of nonirradiated autorosetting cells regardless of their OKT4+ or OKT8+ phenotype, suppressed the PFC response (Fig. 5 A) . The activated autorosetting cells that had been irradiated, however, no longer suppressed (Fig.  5 A) . In addition, these irradiated cells failed to promote the PFC response of B cells (Fig. 5 B) . Thus, the suppressor function mediated by activated OKT4+ and OKT8' cells is radiosensitive, and helper cells (at least radioresistant ones) are not included in these cell populations.
Contrary to the activated autorosetting cells, the helper activity of activated OKT4+ nonrosetting cells was radioresistant (Fig. 5 B) . These irradiated cells exhibited a helper function similar to that of the nonirradiated OKT4+ nonrosetting cells (Fig. 5 B) .
Response of Con A-activated suppressor T cell subpopulations to interleukin 2 (IL2). We FIGURE 6 Effect of IL2 on the suppressor function mediated by Con A-activated autorosetting T cells. The standard culture contained 1 X 105 fresh OKT4+ cells and 2 X 105 non-T cells in the presence of PWM. To this system were added graded numbers of either activated autorosetting OKT4+ or OKT8+ cells and incubated for 5 d with or without IL2 at a final concentration of 20%. Additional three experiments were performed and similar results were obtained. tologous erythrocytes and anti-Tac antibody do not bind to the same antigenic determinants on the same cells.
DISCUSSION
The experiments reported above demonstrate functional heterogeneities within both the OKT4+ and OKT8+ subsets of human T cells. We found that although in vitro Con A-activated OKT4' cells can function as helper cells, these activated OKT4+ cells can also inhibit PWM-induced B cell differentiation; the helper function is relatively radioresistant and the suppressor function is radiosensitive. Interestingly, the suppressor OKT4' cells are separable on the basis of their preferential ability to form rosettes with autologous erythrocytes from the helper OKT4' cells; Con A-activated OKT4' autorosetting cells are specific for the function of suppression, and do not include cells manifesting helper activity. The reverse is true of the activated OKT4' nonrosetting cell population. Con A-activated OKT8+ cells also contain radiosensitive cells important in the suppression of B cell differentiation. Moreover, these suppressor cells are also restricted to the population forming autorosettes; the autorosetting population is depleted of helper function. With regard to OKT8+ nonrosetting cells, neither helper nor suppressor activity can be observed in this population, so that these cells are likely a cell population with other immune functions rather than immunoregulatory T cells.
With regard to the heterogeneity of OKT4+ cells, it has been already reported that helper cells with the phenotype of OKT4+17+, those with the phenotype of OKT4+17-, and suppressor cells with the phenotype of OKT4+17+ are derived from PWM-stimulated OKT4+ cells (21) . They reported that the OKT4+17+ suppressor cells are radiosensitive, but the OKT4+17+ and OKT4+17-helper cells are radioresistant and radiosensitive, respectively (21) . We also demonstrate in the present study that Con A-activated suppressor cells reside in both OKT4+ and OKT8+ cells, and both these suppressor populations are radiosensitive and capable of forming autorosettes. Damle and Gupta (25) (4, 27 Recently, Palacios et al. (16) have demonstrated that the suppressor activity of the Con A-activated T cells is abrogated by the addition of exogenous IL2 to the assay cultures. They concluded therefore that after Con A activation, the resting T cells have been rendered sensitive to IL2, and thus Con A-activated cells absorb IL2 activity produced by responder cells in the assay cultures, thereby leading to their apparent suppressive effect. In our present study, however, when 1 X 105 autorosetting cells were present in the second cultures, addition of exogenous IL2 did not affect the suppressor activity. When the number of autorosetting cells was reduced to 2 X 104 cells/culture, the suppressor activity was rather enhanced by the addition of exogenous IL2 (Fig. 6) (31) in the assay cultures. Further addition of exogenous IL2 (which would also contain both B cell growth factors and B cell differentiation factors) to the assay cultures could cause relative predominance of helper activity, which resulted in the apparent abrogation of suppressor function. Another cause might be the difference in the PWM-induced assay culture system. Although it cannot be ruled out that Con A-induced suppressor activity is, at least in part, an IL2-dependent inhibition, much of the suppressive effect is likely an inhibition caused by "genuine" suppressor cells.
We should investigate further in detail how and at which stage of the expression of suppressor activity by Con A-induced autorosetting cells IL2 affects the activity. Moreover, if monoclonal antibodies directed at these activated T cell subpopulations could be established, such antibodies could represent attractive candidates for in vivo use as immunomodulating agents. Although OKT3 antibody, the anti-human pan T cell reagent, has been used to produce prompt reversal of rejection in recipients of renal allografts (32), monoclonal antibodies to the specific functional, and activated T cell subsets may be far better suited for certain clinical situations in which the goal of treatment would be to diminish or enhance an ongoing response. Such studies are currently in progress.
Previous studies demonstrated that patients with active systemic lupus erythematosus (SLE) have a loss of suppressor T cell function (10, (33) (34) (35) (36) (37) . In several studies, the importance of anti-T cell antibodies in altering T cell number and function in patients with active SLE was emphasized (38, 39) . Indeed, SLE anti-T cell antibodies found in the sera of active SLE patients have been shown to preferentially react to T cells that bear the OKT8+ phenotype characteristic of suppressor cells (40, 41) . Moreover, such active patients in fact have a decreased proportion of OKT8+ subsets (42) . When in the inactive state, the patients did not have anti-T cell antibodies (6, 40) , a reduction in the suppressor T cell function or in proportion of OKT8+ cells was found to be largely corrected (6, 42, 43) . It can therefore be postulated that the defect in suppressor function mediated by OKT8+ suppressor T cell subsets in active SLE patients may result from the action of anti-T cell antibodies produced by B cells. On the other hand, it has been shown that patients with active SLE have heterogenous patterns of T cell phenotypes identified by monoclonal antibodies (44). More recently, we have also demonstrated that SLE patients have an intrinsic defect in the suppressor T cell function mediated by OKT4+ cells, which occurs independently of B cell abnormalities (41 
